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Post-Analytical: Choosing the 
right reference intervals!
A Case Series
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Case 1: Complaints of Too Many High Calcium Results

• The laboratory director received a complaint from a group of 

physicians who recently joined their health system. They were 

concerned that they are seeing to many abnormal high 

calcium results. 

• The director requested data on the percentage of high 

abnormal calcium results by location so they can investigate 

this further. 
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Case 1: Complaints of Too Many High Calcium Results

• The data analyst provided the following results for the health 

system (excluded sites with less than 60 collections/month), 

ranked by % high Calciums:

Location # High # OK Grand 
Total

% High

PED Bld Draw WP2 57 282 339 16.8%

Draw St. PED Wharf 62 324 386 16.1%

Orange Draw St. 51 276 327 15.6%

PED Treatment Center 12 68 327 15.6%

• 3 out of top 4 are pediatric locations. What’s going on?
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Case 1: Complaints of Too Many High Calcium Results

• Site was using a single reference interval designed for adults:

8.8 – 10.2 mg/dL (Roche)

• For pediatric patients, recent pediatric reference interval 

studies recommend:

• <1 yr: 8.7 – 11.0 mg/dL

• 1-17 yr: 9.3 – 10.6 mg/dL

• This means for some pediatric patients, results that should be 

considered normal for their age group, are flagged as high by 

the laboratory based on adult ranges

Estey MP, Cohen AH, Colantonio DA, et al. Clin Biochem. 2013;1197-1219.
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Case 1: Recommendation: Apply Pediatric Reference Intervals

• Without pediatric reference intervals, you may be 

misinterpreting results

• Assay manufacturers often do not provide pediatric reference 

intervals, so laboratory directors need to consult published 

literature that are specific to their assay

• I recommend consulting CALIPER published studies who 

evaluated reference intervals for common chemistry tests 

in over 10,000 healthy children

Estey MP, Cohen AH, Colantonio DA, et al. Clin Biochem. 2013;1197-1219.
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Lesson 1: Implement 
age-specific reference intervals
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Case 2: Complaints of Too Many Low Total Protein Results

• The laboratory director received a complaint from a 

hospitalist at an affiliated clinic. They were concerned that 

they are seeing to many abnormal low protein and globulin 

results. 

• The director requested specific patient examples to review and 

evaluate.



S L I D E  8

Case 2: Complaints of Too Many Low Total Protein Results
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Case 2: Complaints of Too Many Low Total Protein Results

• Studies confirm that serum has 10-20% lower total protein 

than plasma

• No such data exists for globulin
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Case 2: Complaints of Too Many Low Total Protein Results
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Lesson 2: Manufacturer product 
inserts are not always helpful or 

up-to-date!
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Case 2: Complaints of Too Many Low Total Protein Results
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Case 2: Complaints of Too Many Low Total Protein Results
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Case 2: Complaints of Too Many Low Total Protein Results
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Lesson 3: Consider differences that 
can exist due to pre-analytical 

process
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Case 3: Levothyroxine Overprescriptions
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How do you derive a reference 
interval for a new test X?
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Introducing CLSI EP28-A3C
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Introducing CLSI EP28-A3C

n≥120
Reference population
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Introducing CLSI EP28-A3C

Rank Value

1 0.10

2 0.12

3 0.23

…120 5.6 Outlier Elimination
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Introducing CLSI EP28-A3C

2.5% dropped2.5% dropped

Reference Interval for X = 0.27 – 4.2 mIU/L
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Current reference intervals will flag abnormal for 
~5% of healthy population

Lesson Learned
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That’s crazy!! 
Why are we doing that?
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Introducing Disease

Reference Interval for X = 0.27 – 4.2 mIU/L
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For most tests, reference intervals are based 
SOLELY on data from the reference population.

Lesson Learned
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Introducing “Unaccounted Variables”: Season

Reference Interval for TSH = 0.27 – 4.2 mIU/L
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Upper RI and Levo Prescriptions

1. El-Khoury JM. Clin Chem. 2023;69:537-538. 
2. Symonds C et al. CMAJ. 2020;192:E469-475.



S L I D E  28

Decision Point

RI (Roche): 0.27 – 4.2 mIU/L Clinical Decision Limits: >7-10 mIU/L
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Lesson 4: Decisions on reference 
intervals can have a major impact 

on patient care



S L I D E  30

Changing Reference Interval Paradigm
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For more information
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Similarly for ALT: They did not account for alcohol!



S L I D E  33

For more information
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Lesson 1: Implement 
age-specific reference intervals
Lesson 2: Consider differences that can 

exist due to pre-analytical process
Lesson 3: Manufacturer product inserts 

are not always helpful or up-to-date!
Lesson 4: Decisions on reference 

intervals can have a major impact on 
patient care
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